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Probes* methods and kits for detection and typing of Helicobacter pylori nudeic acids in 
biological samples 

This invention relates to the field of the detection and typmg of the Jumian pathogen 
Helicobacter pylori, abbreviated as H.pylori below. 

This invention relates to probes, primers, methods, and kits comprising the same for the 
5 detection and typing of nucleic acids oiH.pylori in biological sanqples. 

H.pylori is the causative agent of chronic supetfidal gastritis in humans, and infection with this 
organism is a significant risk factor for the development of peptic ulcer disease and gastric 
cancer. (Blaser et al.. 1992: Hentschel et aL, 1993; Parsonnet et aL, 1991) 
The outcome of an infection vAik H.pylori is rather diverse* probably reflecting the large 
10 diversirv^ within the species at the genetic level (Foxall et aL, 1992; Akopyanz et aL, 1992). 
Howe\'er. most phenotypic characteristics are well conserved. As individuals can be infected 
vAxix various strains, it will however be inqjonant to identify particular characteristics of 
different Hpylori strains that precisely determine risk among these strains. 
Among the req)ective virulence determinants of Hpylori, two in5)ortani genetic elements have 
1 5 been identified recmtly: the vacuolating toxin gme (vacA gene) and the cytotoxin associated 
gene (cagA gene) (Leunk et aL 1988; Cover and Blaser, 1992, 1995; Cover et aL 1992, 1994, 
Tummuru et aL, 1993; Covacd et aL, 1993), 

The H.pylori vacuolating toxin induces cytoplasmic vacuolation in a large ntunber of 
TnamTnaliaTi cell lines in vitro (Leunk et aL, 1988), and produces epithelial cell damage and 

20 mucosal ulceration vAen administrated intragastricaDy to mice (Telford et aL, 1993). The vacA 
gene encodes a 1287-1296 ammo acid precursor which is processed (N* and C-teiminally) to 
a ST-Kda secreted protdn (Cover and Bias©:, 1992; Cover et aL, 1994; Telford et aL, 1994; 
Schmiu and Haas, 1994; Phadnis et aL, 1994). Although only 50% of the H.pylori strains 
induce vacuolation, near^ all strains hybridize to vacA probes (Cover et aL, 1994: Telford et 

25 aL, 1994; Schmitt and Haas. 1994; Phadnis et aL. 1994). Very recently, Athaton et al.. ( 1995) 
gave evidence for a mosaic organisation of the vacA gene, which indicated that specific vacA 
genotypes of Hpylori strains are associated with the level of cytotoxin actrvit\' in vitro as well 
as with the clinical consequences. 

It was shown that three dijSerent classes of vacA signal sequences (sla. sib and s2 ) are present 
30 and two different classes of middle-region alleles (ml and m2). All possible combinations of 
these vacA regions have been isolated, with the exceprion of s2/ml. The production of 
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cytotoxin activity was strongly linked to the presence of vacA alleles containing the si- type 
signal peptide. None of the straks containing s2-type vacA alleles produced detectable 
cytotoxin activity. Also, a significant correlation between the occurrence of peptic ulceration 
and the presence of sl-type vacA alleles could be demonstrated. 

A second putative virulence determinant is the high molecular weight protein encoded by the 
5 cytotoxin-assodated gene, cagA (Tunnnuni et aL, 1993; Covacci et aL, 1993). About 60% of 
the Kpylori strains possess the cagA gene and nearly all of them e:>q>ress the cagA gene 
product. Production of the vacuolating cytotoxin in vitro and the presence of cagA are closely 
assodated characteristics, although botii genes are not tightly genetically hnked (Tummura et 
aL, 1993; Covacci et al, 1993). 
10 Based on inmmoblot studies, it has been demonstrated that persons infected with cagA(-f )- 
strains have higher degrees of gastric inflammation and epithelial cell damage in con:q)anson 
to infections with cagA(-)-strains. Also, an inhanced expression of a number of Qtoldneshas 

i A 

\ «| been found with respect to infection with cagA(+)-straiQs in compaiison to cagA(-)-strains 
I (Huang et aL,1995), As both the intensity of lie inflammation and the degree of epithelial 
;t115 damage may be determining the pathogenesis of gastric cancer, the examination of the 

J presence or abscence of the cagA gene upon Kpylori infection is in5)ortant. 

^ Jn this invention, it is disclosed for the first time that the methods described by Atherton et aL, 

! ^ 1995 are not suitable to type H.pylori strains present in a numb^ of cfinical sanmles obtained 

ill - - * 

i p from patients of the Netherlands and Portugal (see cxasnph 1). Moreover, the typing method 

: jo described by these authors involves the resolution of gene-amplification products by agarose 

i si 

! «^ gel electrophoresis, a tedious and not highly reliable technique when applied on large number 
of san[g>les. 

Thus, with respect to the nessecity to evaluate large populations to provide statistically 
relevant data concerning the linkage between a type of Kpylori strains and any pathogenic 
25 phenotype and in view of the need for a rapid, sincple and highly reliable typing method in 
order to determine the applicable eradication strategy at the clinical stage, the above method 
described by Atherton et al.,1995 is less appropriate. 

It is an aim of this present invention to provide a rapid, sensitive and reliable method to detect 
and type K pylori strains in biological san[5)les, 
30 More particukriy, it is an aim of the present invention to provide a rapid, sensitive and reliable 
method to detect and/or type B.pylorf strains in biological sauries, associated with the 
development of chronic active gastritis and/or gastric and duodenal ulcers, and/or gastric 



3 

adenocardnomas and/or mucosa-assodated lyn5)hoid tissue lynaphoinas, and/or to detennme 
the applicable eradication therapy. 

It is an aim of the preseat invention to provide a rapid, sensitive and reliable method to detect 
and type H.pylori strains present in biological san^jles, directly coupled to the detection and/or 
the typing of the aBdes of the virulence determinant genes presait, inchidmg at least the vacA 
5 gene. 

More paiticulariy, it is an aim of tiie present invention to provide a rapid, sensitive and reliable 
melhod to detect and type H. pylori strains present in a biological san^le, directly coupled to 
the detection and/or the typing of the vacA and cagA alleles present 
It is the aim of the present invention to define suitable probes enabling the detection and/or 
1 0 aDde-qjedfic typing of Kpylori strains based on the alleles of the virulence determinant genes 
present, including at least one probe derived from vacA 

More particularly, it is an aim of the present invention to define suitable probes enabimg the 
detection and/or aUde-specific typmg of H.pylori strains based on the alleles of the vacA and 
cagA virulence determinant genes present. 
.15 It is moreover an aim of the present invention to combine the suitable probes enabimg 
detection and/or anele-q)ecific typing of H.pylori strains based on the alldes of the virulence 
determmant genes present, inchiding at least the vacA gene, whereby all said probes can 
preferentialty be used sirauhanously in a multiparameter type of assay, more particularly under 
the same hybridisation and wasfe-conditions. 
20 More particulaiiy, it is an aim of the present invention to combine the suitable probes enabimg 
detection and/or aUde-spedfic typmg of H.pylori strains based on the alleles of the vacA and 
cagA genes present, vdiereby all probes can be preferentialfy used snnultanously under the 
same hj'bridisation and wash-conditions. 

More particularfy, it is an aim of this invention to develop suitable probes of relevant target 
25 regions of the VDG, including at least the vacA gene, said target regioms con^jiiang either a 
variable region, either a conserved region of the VDG, said probes being applicable, if 
iqppropriate, in a shnultanous hybridisation assay. 

Even more particubrfy, it is an aim of this invention to develop suitable probes of relevant 
target regions of the vacA and cagA genes, said target regions con5>rismg a variable region 
30 in case of the vacA gene and a conserved region in case of the cagA gene, said probes bdng 
appKcable, if appropriate, in a simultanous hj^ridisation assay. 

Most particularfy, it is an aim of this invention to design suitable probes conqirismg the hi^ 
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variable S- and M-regions in the vacA gene, said S-region being comprised between the 
nucleotides at position 1 and 300, and said M-regions being congjiised between the nucleotides 
at the position 1450 and 1650, and a conimon probe in the case of the cagAgesae con^rising 
preferentially the highly conserved region between the nucleotide at the position 17 and the 
nucleotide at the poation 113 of the cagA gene of Kpylori, if appropriate, in a siraaltanous 
5 hybridisation assay. 

It is also an aim of the present invention to select primers enabling the anylification of 
relevant target regions of alleles of the virulence detenmnant gene of interest of Rpylori 
including at least the vacA gene, said amplification being universal for the respective target 
regions, said target regions con^iiang ather a variable region, or a conserved region of tibe 
10 VDG. 

It is more particularly au aim of the present invention to select primers enabiiog the 
amplification of the relevant target regions of the alleles of the vacA and cagA virulence 
^ deteiminant genes of the Kpylori, said prnners bemg bemg generalfy applicable with H.pylori 

strains and allowing the anplification of said relevant target regions to be used in con^ati^ 
1 5 amplification conditions said angjlification bang universal for the req)ective vacA and cagA 
alleles present. 

Most particularly, it is an ahn of the present invention to select primers enabling the 
aiiq)lification of the highly variable S- and M-regions in the vacA gene, said S-region being 
con^rised between the nucleotide at position 1 and 300, said M-regi(m bemg comprised 
20 between the nucleotides at the position 1450 and 1650, and the highfy. conserved region 
between the nucleotide at the position 1 and the nudeotide at the position 250 of the open 
reading firame of the cagA gene of H.pylori, by preference in a angle anq)iification reaction. 
It is also an aim of the present invention to provide kfts for the detection and/or typing of 
H.pylori strains. 

25 More particulariy, it is an aim of this mvention to provide a kit for the detection and/or typing 
of Hpylori straks directiy coiq)led to the detection and/or the typing of the alleles of the 
virulence detenmnant genes present, mcluding at least the vacA gene. 
Even more particularly, it is an aim of this invention to provide a kit for the detection and/or 
typing of H.pylori strains based on the detection and/or typing of the alleles of the vacA and 

30 cagA genes present. 

Most preferentially, it is an aim of this invention to provide a kit for tiie detection and/or typing 
of Kpylori strains based on the detection and/or typing of the highly variable S- and M-regions 
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in the vacA gene and the highty conserved region between the nucleotide at the position 1 and 
the nucleotide at the position 250 of the cagA gene of H.pylori. 

All the aims of the present invention have been met by the followmg specific embodiments. 
The selection of the probes (except for probes with SEQ ID NO 35 to 39) according to the 
present invention is based on the Line Probe Assay (liPA) princqple, as exen^liBed in the 
5 Exan5)les section. The UPA is a reverse hybridization assay usmg oligonucleotide probes 
innnobilized as parallel lines on a solid support strip (Stuyver et aL 1993; international 
application WO 94/12670). This approach is particularly advantageous since it is fist and 
sm5>le to perform The reverse hybridization format and more particuiarfy the liPA approach 
has many practical advantages as corcpared to other DNA techniques or hybridization formats, 
10 e^edally when the use of a combination of probes is preferable or unavoidable to obtain the 
relevant infbrmatian sought As such, the LiPA is a particularly appropriate method to detect 
and or type (nDcro)-organisms in general and H.pylori in particular. The probes with SEQ ID 
NO 35 to 39 are designed for use in a DNA Enzyme Innnuno Assay, as shov^ in example 8. 
This assay is particularly convenient for a rapid detection method. 
jl5 It is to be understood, however, that any other type of hybridization assay or hybridizaticm 
format using any of the selected probes as described further in the invention, is also covered 
by the present invention. 

The reverse iQ'bridization approach inoplies that the probes are immobilized to a solid support 
and that the target DNA is labelled in order to enable the detection of the hybrids formed. 
^0 The following definitions serve to iOustrate the terms and expressions used in the present 
invention. 

The target material in the samples envisaged in the present invention may either be DNA or 
RNA e.g. genomic DNA or messenger RNA or an^lified versions thereof These iholecules 
are also termed polynucleic acids. 

25 The relevant target regions will m principle be all potynucleic add sequences con:q)riang a 
virulence determinant gene, said virulence determmant gene being the genetic elanent 
involved in enabling, detemrining, and marking of the infectivity and/or pathogenecity of 
H.pylori^ more spedficalfy allpofynucleic add sequences comprising the virulence determinant 
genes vacA and cagA, and even more spedfically any conserved region in the cagA gme, said 

30 conserved region being defined as more bemg more than 95% identical b^een alleles of 
different H.pylori stranis, and most q)edficany the variable S- and M-regions of the vacA 
gene. In addition to variable sequences, the S-region of the vacA gene also corrprises 
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conserved sequences, vAich may be chosen as target regions for probes for detection - without 
typing - of H. pylori accordmg to the present invention. 

The term "probe" refers to single stranded sequence-specijBc ofigonucleotides which have a 
sequence which is con5)lementary to the target sequence to be detected. 
The term conplementaiy as used herem means that the sequence of the smgle stranded probe 
5 is exactly hybridiCTig to the sequence of the single-stranded target, with the target being 
defined as the sequence wiere the mutation to be detected is located. Since the current 
application requires the detection of single basepair mismatches, very stringent conditions for 
hybridization are required, allowing in principle only hybridization of exactly complementary 
sequences. However, variations are possible in the length of the probes (see below), and it 

10 should be noted that, since the central part of the probe is essential for its hybridization 
characteristics, possible deviations of the probe sequence versus the target sequence may be 
allowable towards head and tail of the probe, when longer probe sequences are used. These 
variations, which may be conceived from the common knowledge in the art, should however 
always be evahiated Kq)e3rimentally, in order to check if they result in equivalent hybridization 

15 characteristics compared to the exactly con^lementary probes. 

Preferably, the probes are about 5 to 50 nucleotides long, more preferably from about 10 to 
25 nucleotides. The nucleotides as used m the present invention may be ribonucleotides, 
deoxyribonucleotides and modified nucleotides such as inosine or nucleotides containing 
modified groups which do not essentially alter then: hybridisation characteristics. 

20 Probe sequences are represented throu^out the specification as smgle stranded DNA 
oligonucleotides from the 5' to the 3* end. It is obvious to the mm skilled in the art that any of 
the below-spedfied probes can be used as such, or in their con5)lementary form, or in their 
RNA form (wherein T is replaced by U). 

The probes according to the inveation can be prepared by cloning of recombinant plasnrids 
25 containing mserts mchiding the corresponding nucleotide sequences, if need be by cleaving the 
latter out from the cloned plasnrids upon using the adequate nucleases and recovering them, 
e.g. by fractionation according to molecular weight. The probes accordmg to the present 
invention can also be syndiesized chenricalfy, for instance by tiie conventional phospho-triester 
method. 

30 The term "solid support" can refer to any substrate to which an oligonucleotide probe can be 
coupled, provided that it retains its hybridization characteristics and provided that the 
background level ofhybridization remtams low. Usually the solid substrate will be a microtiter 
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plate, a membrane (e.g. nylon or nitrocellulose) or a microsphere (bead) or a chip. Prior to 
application to the membrane or fixation it n^y be convenient to modify the nucleic acid probe 
in order to fecilitate fixation or improve the hybridization efficiency. Such modifications may 
encompass homopolymer tailing, coupling with diflferent reactive groups such as aliphatic 
groups, NH2 groups, SH groups, carboxyUc groups, or coupling with biotin, haptens or 
5 proteins. 

Ihe terai "labelled" refers to the use of* labelled nucleic acids. Labelling may be caiiied out by 
the use of labelled nucleotides incorporated during the polymerase step of the an^lification 
sudi as iflustrated by Saiki et aL (1988) or Bg et aL (1990) or labelled primers, or by any other 
method known to the person skilled in the art. The nature of the label may be isotopic (^^P, ^^S, 
10 etc) or non-isotopic (biotin, digoxigenin, etc.). 

The term "primer" refers to a single stranded oligonucleotide sequence capable of acting as a 
point of initiation for synthesis of a primer extension product which is coiDpIementaiy to the 
: 3 nucldc add strand to be copied. The length and the sequence of the primer must be such that 
: they allow to prime the synthesis of the extension products. Preferably the primer is about 5- 50 
T5 nucleotides long. Specific length and sequence will depend on the con:5)lexity of the required 
'■ 4 DNA or KNA targets, as well as on the conditions of primer use such as ten[5>erature and ionic 
strengnt. 

^ ^; The &ct that anoplification primers do not have to matdi exactfy with the corresponding 
i y template sequence to warrant proper an^Iification is amply documented in the literature 
(Kwoketal, 1990). 

^ The an5)lification method used can be either polymerase chain reaction (PGR; Saiki et al, 
1988), ligase diain reaction (LCR; Landgren et aL, 1988; Wu & Wallace, 1989; Barany, 1991), 
nucleic acid sequence-based amplification (NASBA; GuateHi et aL, 1990; Con5)toii, 1991), 
transcription-based an^Iification sysl&m (TAS; Kwoh et aL, 1989), strand displacement 

25 anq)Iification (SDA; Duck, 1990; Walker et al., 1992) or an^fification by means of Qfi 
replicase (Lizardi et aL, 1988; Lomeli et aL, 1989) or any other suitable method to amplify 
nucleic acid molecules known m the art. 

The oHgonucleotides used as primers or probes may also con5)rise nucleotide analogues such 
asphosphorotfaiates (Matsukura et aL, 1987), alkylphosphorothiates (Miller et aL, 1979) or 
30 peptide nucleic acids (Nielsen et aL, 1991; Nielsen et aL, 1993) or may contain intercalating 
agents (Asseline et aL, 1984). 

As for most oib&r variations or modifications introduced into the original DNA sequences of 
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the inveation, these variations win necessitate adaptations with respect to the conditions under 
which the oligonucleotide should be used to obtain the required g)edficity and sensitivity. 
However the eventual resuks of hybridisation will be essentially the same as those obtained 
with the umnodiJBed oligonucleotides. 

The introduction of these modifications may be advantageous in order to poatively influence 
5 characteristics such as hybridization kinetics, reversibility of the hybrid-formation, biological 
stability of the oligonucleotide molecules, etc. 

The "sample" may be any biological material taken ehher directly from the infected human 
being (or animal), or after cukuiing (enrichment), or collected from any other em-ironment 
Biological material may be e.g. expectorations of any kind, broncheolavages, blood, skin 
10 tissue, biopsies, lynq)hocyte blood culture material, colonies, liquid cultures, soil, faecal 
samples, urine, sur&ce water, etc. 

The probes of the invention are designed for attaining optinial performance under the same 
n hybridization conditions so that they can be used m sets for sumihaneous hybridization; this 
highly increases the usefiilness of litese probes and results in a significant gain in time and 

yiS labour. Evidently, wdien other hybridization conditions would be preferred, all probes should 

D 

J be adapted accordingly by adding or deleting a number of nucleotides at their extremities. It 
'~ should be understood that these concommitant adaptations should give lise to essentially the 
! t same result, namely that the respective probes still hybridize spedfically witii the defined 
\ U target Such adaptations might also be necessary if the aixq>l]fied material should be KNA in 
; ^50 nature and not DNA as in the case for the NASBA system. 

^ For designing probes with desired characteristics, the following usefiil guidelines known to the 
person skilled in the art can be applied. 

Because the extent and spedfichy ofhybridization reactions such as those described herein are 
affected by a number of &ctors, man^ulation of one or more of those &ctors win determine 
25 the exact sensitivity and specificity of a particular probe, whether perfecdy con5>lementaiy to 
its target or not The importance and effect of various assay conditions, explained fiirtfaer 
herein, are known to those skilled in the art. 

First, the stabihly of the (probe : target] nucleic acid hybrid should be chosen to be conapatible 
with the assay conditions. This may be accon^jlished by avoiding long AT-rich sequences, by 
30 terminating the hybrids with G:C base pairs, and by deagning the probe with an appropriate 
Tm The beginmng and end points of the probe should be chosen so that the length and %G€ 
result in a Tm about 2-lO^C higher than the temperature at which the final assay wiH be 
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performed. The base coroposition of the probe is significant because G-C base pairs exhibit 
greater thermal stability as compared to A-T base pairs due to additional hydrogen bonding. 
Thus, hybridization involving conylementaiy nucleic adds of higher G-C content will be stable 
at higher tengjeratures. 

Conditions such as ionic strenght and incubation temperature under which a probe wiQ be used 
5 should also be taken into account when designing a probe. It is known that hybridization will 
increase as the ionic strenght of the reaction mixture increases, and that the thermal stability 
of the hybrids will mcrease with increasing ionic strenght On the other hand, chemical 
reagents, such as formamide, urea, DMSO and alcohols, which disrupt hydrogen bonds, wiH 
increase the stringency of hybridization. Destabilization of &e hydrogen bonds by such 
10 reagents can greatly reduce the T„. Li general, optimal hybridization for synthetic 
oligonucleotide probes of about 10-50 bases in length occurs approximately S^'C below the 
melting ten^erature for a given duplex. Incubation at temperatures below the optimum may 
\ ;^ allow.mismatched base sequences to hybridize and can therefore result in reduced specificity, 
i 3 It is dearable to have probes vMoh hybridize only under conditions of high stringency. Ifeder 
I ^ h igih stringency conditions only highly con^lementaiy nucleic add hybrids will form; hybrids 
" i without a suffident degree of con:q>lementaiity will not fonn. According^, the stringency of 
y the assay conditions determines the amount of coii5>lementarity needed between two nucleic 
\ acid strands fonning a hybrid. The degree of stringency is chosen such as to maximize the 
jy difference in stabilily between the hybrid formed with the target 

Second, probes should be positioned so as to zdniinize the stability of the [probe : nontarget] 
i nucleic acid hj/brid. This may be accon5)lidied by rniniraimg the length of perfect 
can[5)lementarity to non-target organisms, by avoiding GC-rich regions of homology to non- 
target sequences, and by positiomng the probe to span as many destabilizing mismatches as 
possible. Whether a probe sequence is usefiil to detect only a specific type of organism depCTids 
25 largefy on the thermal stabiBty difference between [probeitarget] hybrids and [probemontarget] 
hybrids, in designing probes, the differences in these Tm values should be as large as possible 
(e.g. at least 2*C and preferably 5^C). 

The length of the target nucleic acid sequence and, accordingly, the length of the probe 
sequence can also be inyortant. In some cases, there may be several sequences fi"om a 
30 particular region, varymg in location and length, which will yield probes with the desired 
hybridization characteristics. In other cases, one sequence may be significantfy better than 
anotiier vs4dch differs merely by a single base. While it is possible for nucldc adds that are not 
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perfectly conaplementary to hybridize, the longest stretch of perfectly con^lementaiy base 

sequence will normally primarily determine hybrid stability. While oligonucleotide probes of 
dfferent lengths and base con5)ofltion may be used, preferred oligonucleotide probes of this 
mvention are between about 5 to 50 (more particularely 10-25) bases in length and have a 
sufficient stretch in the sequence which is perfectly con5)lementaiy to the target nucleic acid 
5 sequence. 

Third, remans in tiae target DNA or RNA which are known to form strong int^al structures 
inhibitOTy to hybridization are less preferred. Likewise, probes vAih extensive self- 
complementarity should be avoided. As e?q)lained above, hybridization is the association of 
two angle strands of conqjlementary nucleic adds to form a hydrogen bonded double strand. 
10 It is iEDpIidt that if one of the two strands is wholly or partially involved in a hybrid that it will 
be less able to participate hi formation of a new hybrid. There can be intramolecular and 
hitennolecular hybrids formed within the molecules of one type of probe if there is sufficient 
[ Z. self complementarity. Such stractures can be avoided through carefuH probe design. By 
^ 3 designing a probe so that a substantial portion of the sequence of interest is single stranded, 
i fl5 the rate and extent of hybridization may be greatly increased. Coniputer programs are available 
• J to search for this type of interaction. However, in certain instances, it may not be possible to 
= ^ avoid this type of interaction. 

I ^ The present invention provides in its most general form a method for the detection and /or 
i 'ii typing of Helicobacter pylori {Kpylori) straias present in a sarr5)le coitpiismg the steps of 
^{0 (i) if need be relea^g, isolating or concratrating the polynucleic acids in the sample; 
i =^ (ii) amplifidng the polynucleic acids of relevant target regions of the vacA gene and possibly 

other virulence determinant genes (VDG), with suitable primer pairs, said primers being 

generally applicable on differCTit H.pylori strains, allowing to wipSfy said relevant target 

regions of the VDG preferentially in co]iq)atible an^lification conditions ; 
25 (iii) hybridiziag the polynucleic adds obtained in (i) or (ii) with a set of at least two VDG- 

derived probes, under apin:Gpriate hybridization and wash conditions, and with at least one of 

said probes hybridizing to a conserved region of a VDG of H. pylori^ and with at least one of 

said probes hybridizing to a variable region of vacA; 

(iv) detecting the hybrids formed m step (iii); 
30 (v) detecting and/or typing Kpylori strains present m a sample from the differential 

hybridization dgnals obtained in step (iv). 

Said tj/ping represents the allele- specijaic detection of a strain according to the VDG alleles 
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-. present in that particular H.pylori strain. Said virulence determinant genes represent the 
genetic elements involved in enabling, determining, and marking of the infectivity and/or 
pathogenicity of said H.pylori strain. Said method is refeixed to below^ as ''detection/typing 
method". 

The relevant target regions \M be derived from polynucleic add sequences conoprising a 
5 virulence determinant gene specific of KpylorU with said relevant target re^on being either 
a conserved region in a VDG, or a variable region of a VGD. The relevant taiget regions 
of the virulence determinant genes relate either to any conserved region in known VDG, 
allowing detection of the presence of this VDG in the H.pylori strains in a sample, or to any 
variable region in known VDG allowing allele-spedfic typing of the H.pylori present in a 
10 san:5)le. 

According to a preferred embodnnent of the present invention, step (ii) and (iii) are perfonned 
uang primers and probes meticulously designed such that they show the deared an5)lification 
or hybridization results, when used, if appropriate under compatible anplification or 
hybridization and wash conditions. 

1 5 More spedfically, the present invention provides a method for the detection and/or typing of 
K pylori strains present in a san^le with respect to the development of chronic active gastritis 
and/or gastric and duodenal ulcers, and/or gastric adenocarcinomas and/or mucosa-associated 
lynq)hoid tissue lymphomas and/or detennming eradication therapy. 
The cagA gene and the vacA gene are representatives of the virulence determinant genes of 

20 H.pylori , Relevant conserved target regions of alleles of the cagA gene can be used to detect 
tiie presence of this gmemKpylori strains present in a san^le* la addition, identified variable 
regions in aBdtes of the vacA gene can be used to type in an allele-specific way the respective 
H.pylori strains. By preference said conserved target re^ons of alleles of the cagA gene 
inchide the region spanning the nucleotide at position 1 to the nucleotide at the position 250 

25 of the open reading fi-ame, with said numbering being according to Genbank accessions 
L11741 (HECMAJANT) or X70039 (HPCAI); also, by preference ti\e id^tified variable 
regions of alleles of the vacA gene include the identified S- and M-region of the vacA gene, 
said S-region bemg comprised between the nucleotides at position 1 and 300, said M-re^on 
bring concprised between the nucleotides at the poation 1450 and 1650^ with said mmibering 

30 being accordmg to Genbank accessions U05676 or U29401. 

Standard hybridization and wash conditions are for instance 2XSSC (Sodium Saline Citrate^ 
0.1% SDS at 50**C. Other sohtions (SSPE (Sodium SaBne phoq)hate EDTA), TMACl 
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(Tetramethyl ananonium Chloride), etc) and temperatures can also be used provided that the 
specificity and sensitivity of the probes is maintained. If need be, slight modifications of the 
probes in length or in sequence might have to be carried out in order to maintam the specificity 
and sensitivity required under the given conditions. Suitable primers can for instance be chosen 
form a list of primers described below. 
5 In a more preferential embodiment, the above mentioned polynucleic adds from step (ii) are 
hybridized with at least two, three, four, five or more of the above mentioned cagA- or vacA- 
derived probes, vMch cover respectively a conserved region of the cagA gene and a variable 
re^on of the vacA gene. 

Also, in a more preferential embodiment, the above mentioned polynucleic acids from step (i) 
1 0 and (n) are hybridized widi at least one vacA-derived probe dn-ected to at least one identified 
variable region of the aUeles of the vacA gene, by preference including at least one of tiie 
vacA-derived probes SEQ ID NO 2 to 11 and 28 to 34. 

It should be stressed that all of tiie above-mentioned probes, including the aDele-spedfic 
probes, are contained in the sequence of ^edfic virulence detenninant genes of H.pylori, 
15 inchiding more particularly tiie cagA gene or tiie vacA gene, said probes conprising either a 
conserved region of tiie cagA gene, or coiiq)rising a variable region of tiie vacA gene. The 
probes are preferably designed in such a way tiiat they can afl be used siraultanously, under the 
same hybridization and wash conditions. Botii criteria imply tiiat preferentially a smgle 
amplification and hybridization step is sufficient for tiie simnltanous detection and typmg of 
20 H.pylori strains present in a sanqile. 

The present invention rdates more particularly to a method as defined above v/her&a step (ii) 
consists of ampli^g tiie polynucleic adds of relevant target regions in tiiie vacA and cagA 
gene with suitable sets ofprimers, said primers being generally appHcable on different H. pylori 
strains, aflowing to ampHfy said relevant target regions m conqjatible an^lification conditions, 
25 witii said target region being a conserved region in tiie case of tiie cagA aHdes and a variable 
region in tiie case of die vacA alleles, and widi said sets of primers being preferentially chosen 
fi^om the following hst of primers as given in Table I: 

cagF (SEQIDN012) 

cagR {SEQIDN013) 
30 VAIXR (SEQ1DN014) 

VAIF (Atherton et al, 1995) 

MIF (SEQIDN015) 
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MIR 


(SEQIDN016) 


HPMGF 


(SEQIDNO 17) 


HPMGR 


(SEQIDN018) 


cagSF 


(SEQIDNO 19) 


cagSR 


(SEQIDNO 20) 


cagFNl 


(SEQIDNO 21) 


cagRNl 


(SEQIDNO 22) 


VAMSFb 


(SEQIDNO 23) 


VAMSFc 


(SEQIDNO 24) 


VAMSFd 


(SEQIDNO 25) 


VAMSFe 


(SEQIDNO 26) 



or sequeace variants thereof with said sequence variants containing deletions and/or insertions 
and/or substitutions of one or more nucleotides, mainly at their extremities (either 3* or 5'), and 
or substinitions of non-essential nucleotides, - being nucleotides not essential in disciiminating 
between alleles-, by others (including modified nucleotides such as inosme), or with said 
1 5 variants consisting of the con^jlement of any of the above-mentioned oligonucleotide primers, 
or AWth said variants conasting of ribonucleotides instead of deoxyribonucleotides, all provided 
that the variants can hybridize/amplify specifically vAth the same specificity as the 
oligonucleotide primers from which they are derived. 

Primers cagF and cagR are derived fi-om two published sequences of cagA afleles (Cocacci et 
20 aL, 1993; Tumrauru et aL, 1993). The present invention provides novel nucldc add sequences 
encoding 149-154 amino adds of the N-terminus of the cagA protdn, as disclosed in figure 
10 (see also example 5). Based on these novel sequences, hnpTOvcd primers were designed 
for anoplification of a relevant target region of the cagA gene. These primers are: 
cagSF(foTward) (SEQ ID NO 19) 
25 cagSR(reverse) (SEQ ID NO 20) 

The sequence of these primers is diown in table 1. Study of the alignment of sequences shown 
in figure 10 shows that primers cagSF and cagSR will not hybridize to the polynucleic acids 
of isolates fi'om East Asia. Therefore, even more ircproved primers were designed, that will 
also pennit amplification of these sequences. These primers are: 
30 cagFNl(forward) (SEQ ID NO 21) 

cagRNl(reverse) (SEQ ID NO 22) 
The sequence of these primers is shown in table 1. Primers cagSF and cagSR can of course 
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be used when amplification of polynucieic acids of isolates fi^om East Asia is not required. 
Primers MIF, MIR, HPMGF and HPMGR are based on the sequences of the M-region of the 
vac A gene, shown in figure 2 and 3, said sequences being provided by the present invention. 
In a second instance, the present invention discloses additional sequences for the M-region, 
as shown in figure 14 (see example 7). Based on these sequences, icqproved forward primers 
5 were deagned, that may preferentially be used instead of primer MIF, in combination with 
reverse primer MIR. These primers are: 

VAMSFb (forward) (SEQIDN023) 

VAMSFc (forward) (SEQ ID NO 24) 

VAMSFd (forward) (SEQ ID NO 25) 
10 VAMSFe (forward) (SEQ ID NO 26) 

The sequence of these primers is shown in table 1. In order to obtain aiq>Bfication of 
polynucldc adds firom a maximal nmnber of isolates, primers VAMSFb, VAMSFc, VAMSFd 
and VAMSFe should be combined ia one PCR reaction. 

According to a preferred embodiment, the present invention also relates to a method as defined 
15 above vAerem step (iii) consists of hybridizing the polynucieic acids obtained in step (ii) with 
a set of probes, under appropriate hybridization and wadi conditions, said set of probes being 
preferentially appficable in a shnukaneous hybridisation assay and coiiq)rising at least one 
probe hybridizing to a conserved region of the cagA gene of H.pylori and at least one probe 
hybridizing to a variable region of the vacA gene of H.pylori^ and more preferentially said set 
20 of probes conoprising at least one of the following cagA- and vacA- derived probes as defined 
in Table 2 and in Figures 2 to 3: 

P9g A-dgriv^d prQbe(g): 
cagApro (SEQ ID NOl) 
cagprobeS (SEQ ID NO 27) 
25 vacA-derived probe(s ): 

PlSl (SEQIDN02) 
P22Sla (SEQIDN03) 
PlSlb (SEQIDN04) 
P2Slb (SEQIDN05) 
30 P1S2(VAS2) (SEQIDN06) 

P2S2 (SEQIDN07) 
PlMl (SEQIDN08) 
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P2M1 


(SEQIDNOP) 




P1M2 


(SEQIDNOlO) 




P2M2 


(SEQIDNOll) 




P3S1 


(SEQIDN0 28) 




P4S1 


(SEQIDN029) 


5 


PlMlnew 


(SEQIDNO30) 




P2Mlnew 


(SEQIDN0 31) 




PlM2iiew 


(SEQn)N032) 




P2M2new 


(SEQ ID NO 33) 




PiM3 


(SEQIDNO 34) 



10 or sequence valiants thereoJ^ with said sequence variants containing deletions and/or insertions 
and/or substinirions of one or more nucleotides, mainfy at their extremities (dtfaer 3' or 5'), and 
or subsdtuttons of non-essential nucleotides^ - being nucleotides not essential in discriminating 
between alleles-, by others (including modified nucleotides such as inosme), or with said 
variants conasting of the conDplraieQt of any of the above-motioned oligonucleotide probes, 

15 or with said variants conasdng of ribonucleotides instead of deoxyribonucleotides, all provided 
that the variants can hybridize specifically with the same specificity as the oiigonncleonde 
probes from which they are derived. 

Probe cagApro was derived fi-om published sequences of cagA alleles (Covacci et al., 1993; 
Tummuru et aL, 1993), Based on the above-menticmed novel sequences of the cagA gene 
20 (figure 10), provided by the present invention, an improved probe was designed: 

cagprobe3 (SEQ ID NO 27). 

Ibe sequence of this probe is i^own in table 2. 

Probes PlSl, P22Sla, PlSlb, P2Slb, P1S2 and P2S2 are based on the sequences of the S- 
region of the vacA gene (figure2), provided by the present invention. These probes are 

25 designed to recognize sequences of si a, sib and s2 variants, respectively. In a second 
instance, a larger collection of sequences of the S-region of the vacA gene is disclosed by the 
present invendon, as shown in figure 12 (see also example 6). Study of the alignment of these 
novel sequences, as well as phylogenetic analysis (figure 13), reveals the existence of a 
formerly miknown si variant in addition to the known variants sla and sib. This formerly 

30 unknown variant is disclosed by the present invention and is denoted sic. The present 
invention also provides novel probes, that permit q)edfic hybridization to the sic variant. 
These probe are: 



wo 98/16658 



PCT/EP97/0S614 



16 

P3sl (SEQ ID NO 28) 

P4sl (SEQ ID NO 29). 

The sequence of these probes is shown in table 2. 

Probes PlMl, P2M1, P1M2 and P2M2 are based on the sequences of the M-region of the 
vacA gene that are provided by the present invention and tiiat are shown, in figure 3. These 
5 probes are designed for speaSc hybridization to the ml and m2 variants. ABgnmeait of a larger 
number of sequences of the M-region, also provided by the present invention, reveals the 
presence of 3 sequences that are different from the ml and m2 variants (figure 14), as shown 
in example 7. These sequences may represent a novel variant in the M-region. According to 
the present invention, this variant is denoted m3. Based on the sequences of the M-region that 
1 0 are shown m figure 14, novel probes have been designed, these probes being: 

PlMlnew (SEQ ID NO 30) 

P2Mlnew (SEQ ID NO 31) 

PlM2new (SEQ ID NO 32) 

P2M2new (SEQ ID NO 33) 

15 Probes PlMlnew and P2Mlnew improve upon probes PlMl and P2M1 in that they are 
capable, ^Nhea used together, to specifically hybridize to all ml sequences shown in figure 14. 
likewise, probes PlM2new and P2M2new are in:5)roved probes that spedfically hybridize to 
all m2 sequences shown in figure 14. In addition, a novel probe that specifically hybridizes to 
the aforementioned m3 sequences, is provided. This probe is: 
20 P1M3 (SEQ ID NO 34). 

The sequences of probes PlMlnew, P2Mlnew, PlM2new, P2M2new and P1M3 are shown 
in table 2. 

According to another embodiment, the present invention relates to a method for the detection 
of H.pylori strains present in a sanqjle con^rising the steps of 
25 (i) if need be releaang, isolating or concentrating the polynucleic adds in the sample; 

(n) amplifying the polynudeic adds of a rdevant target region of the vacA gene with a suitable 
primer pair, said primer pair bang generaDj' applicable on different B.pylori strains, allowing 
to avap&fy said relevant target region of the vacA gene preferentially in compstSble 
anq)]ification conditions; 

3 0 (iii) hybridizing the polynudeic adds obtained in (i) or (ii) with at least one probe hybridizing 
to a conserved region of the vacA gene; 
(iv) detecting the hybrids formed in step (iii); 
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(v) determining the presence or absence of H.pylori in a sample from the hybridization signals 
obtained in step (iv). 

Said method is referred to below as the"detection method". 

According to a preferred embodiment, the present invention relates to a method according to 
the preceding embodiment, wherdn step (ii) consists of amplifying the pofynncldic acids of a 

5 relevant target region m the vacA gene with suitable primers, said primers being generally 
applicable on different H. pylori strains, allowing to an5>lify said relevant target region in 
coiiq}atible an^lification conditions, with said target region being a conserved region, with said 
primers preferential^ bdng VAIF and VAIXR (SEQ ID N014), or sequence variants thereof 
with said sequence variants containing deletions and/or msertions and/or substitotions of one 
10 or more nucleotides, mainly at their extremities (either 3' or 5'), and or substitutions of non- 
essential nucleotides, - being nucleotides not essential in discrinainating between alleles-, by 
others (including modified nucleotides such as inosine), or with said variants consisting of 
ribonucleotides instead of deo^^^onucleotides, all provided that the variants can 

3 h>tridize/an:q)Iify specdfically with the same specificity as the oligonucleotide primers firom 

I y 

1 §1 which they are derived. 

; J According to an even more preferred embodiment, the present invention relates to a method 

0 according to any of the two preceding embodiments, wherein step (iii) consists of hybridiang 
j ^ the polynucleic adds obtained hi step (ii) with a set of probes, under appropriate hybridization 
iy and wash conditions, said set of probes bemg pre&rentialfy ^licaUe in a simultaneous 

2 {f hyteidisation assay and coii5)riang at least one probe hybridi22ng to a conserved region of the 

1 ^ vacA gene of Kpylori, and more preferentially said set of probes compriang at least one of 

the following vacA-derived probes: 

HpdiaSl (SEQ ID NO 35) 

H|)diaS2 (SEQ ID NO 36) 

25 K^diaSS (SEQ ID NO 37) 

HpdiaS4 (SEQ ID NO 38) 

HpdiaS5 (SEQ ID NO 39) 

or sequence variants thereof^ with said sequence variants containing deletions and/or insertions 
and/or substitutions of one or more nucleotides, mainly at their extrraaities (either 3' or 5'), and 
30 or substitutions of non-essential nucleotides, - being nucleotides not essential in discrimmating 
between alleles-, by others (including modified nucleotides such as mosine), or with said 
variants consisting of the coiopiement of any of the above-mentioned oligonucleotide probes. 
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or with said variants consisting of ribonucleotides instead of deoxyribonucleotides, all provided 
that the variants can hybridize specifically with the same specifidty as the oligonucleotide 
probes from which they are deri\'ed. 

According to another embodiment, the present invention relates to a probe con:q)osition for 
use in any detecdon/^ing method as defined above, said composidon conopiising at least one 

5 probe hybridizing to a conserved region of a VDG of H.pylori^ and at least one probe 
hybridizing to a variable region of vacA, and more preferentially said probes bemg derived 
firom the polynucleic acid sequences of the vacA and/or cagA gene of H. pylori^ and most 
preferentially said probes being chosen from SEQ ID NO 1 to 11 and 27 to 34, or sequence 
variants thereof with said sequence variants containing deletions and/or insertions and/or 

10 substitutions of one or more nucleotides, mainly at their extremities (either 3' or 5'), and or 
substitutions of non*essenrial nucleotides, - bemg nucleotides not essential in discriminatmg 
between alleles*, by others (including modified nucleotides such as inosine), or with said 
variants consisting of the con5>lement of any of the above-mentioned oligonucleotide probes, 
or with said variants consisting of ribonucleotides instead of deoxyribonucleotides, all provided 

15 that the variants can hybridize specifically with the same specificity as the oligonucleotide 
probes from which they are derived. 

According to another embodiment, the present mvention relates to a probe coinposition for 
use in any detection method as defined above, said composition conqmsing at least one probe 
hybridizing to a conserved region of the vacA gene oiKpylorU and most preferentially said 

20 probe being chosen from SEQ ID NO 35 to 39, or sequence variants thereof with said 
sequence valiants containing deletions and/or insertions and/or substitutions of one or more 
nucleotides, mainly at thdr extremities (either 3' or 5*), and or substitutions of non-essential 
nucleotides, - being nucleotides not essential in discriminating betwe^ alleles-, by others 
(including modified nucleotides such as inosine), or with said variants consisting of the 

25 complement of any of the above-mentioned oligonucleotide probes, or with said variants 
consisting of ribonucleotides instead of deOTQribonucleotides,^ all provided that the variants can 
hybridize specifically with the same spedfidrty as the oligonucleotide probes from which they 
are derived. 

According to another enibodiment, the present invention relates to a coii]|>o^on comprising 
30 at least one suitable oligonucleotide an5)Hfication primer, allowing to an:5)lify the polynucleic 
adds of the relevant target regions of the respective VDG, said suitable primers being generally 
applicable wih diflBerent Kf^iari strains and allowing the anplification of said relevant target 
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regions to be used in coirpatible arcplffication conditions, and more preferentially said primers 
allowing the amplijfication of a conserved region of the cagA gene and a region of the vacA 
gene con^prising conserved and/or variable target regions, and most preferentially said primers 
being selected from SEQ ID NO 12 to 26, or sequence variants thereoJ^ with said sequence 
variants containing deletions and/or insertions mdfox substitutions of one or more nucleotides, 
5 mainly at their extremities (either 3* or 5% and or substitutions of non-essential nucleotides, - 
being nucleotides not essential in discriminating between alleles-, by others (mcluding modified 
nucleotides such as inosineX or with said variants condsting of the con[q)lement of any of the 
above-mentioned oligonucleotide primers, or with said variants consisting of ribonucleotides 
instead of deoxyribonucleotides, all provided that the variants can hybridize specifically with 

10 the same specificity as the oligonucleotide primers from which they are derived. 

According to an even more spedfic embodiment &e present invention relates to a probe bdng 
derived from the polynucldc acid sequences of the vacA and/or cagA gene of Kpylori^ and 
v^th said probe being chosen from SEQ JD NO 1 to 11 and 27 to 39, or sequence variants 
thereof^ with said sequence variants containing deletions and/or insertions and/or substitutions 

15 of one or more nucleotides, mainly at their extremities (either 3* or 5'), and or substitutions of 
non-essential nucleotides, - being nucleotides not essential in discriminating between alleles-, 
by others (inchiding modified nucleotides such as inosine), or with said variants consisting of 
the con5)lement of any of the above-mentioned oHgonucieotide probes, or with said variants 
coiisistiag of ribonucleotides instead of deoxyribonucleotides, all provided that the variants can 

20 hybridize specifically witii the same specificity as the oligonucleotide probes from wiiich they 
are derived. 

According to yet another even more preferred embodiment, the present invention relates to an 
oligonucleotide an^lification primer allowmg the as^fification of a region of the cagA gene 
or a repon of the vacA gene of Rpylori, and with said primer being selected from SEQ ID 

25 NO 12 to 26, or sequence variants thereof with said sequence variants containing deletions 
and/or insertions and/or substitutions of one or more nucleotides, mainly at their extremities 
(either 3* or 5'), and or substitutions of non-essential nucleotides, - beiig nucleotides not 
essential in discriminating between alleles-, by others (including modified nucleotides such as 
inosine), or with said variants consisting of the conaplement of any of the above-mentioned 

30 oligonucleotide primers, or with said variants consisting of ribonucleotides instead of 
deoTtyribonudeotides, all provided that the variants can hybridi2e/an5)lify specifically with the 
same specificity as the oligonucleotide primers from which th^ are derived. 
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According to another embodiment the present mvention relates to a method as defined above 
for the detection and/or typing of alleles of VDG ofH.pylori, more preferentially alleles of the 
cagA and vacA gene oiH.pylori, present m a sanq?le using a set of probes and/or primers 
spedaDy deagned to detect and/or to amplify and/or to type the said alleles, with said probes 
and primers being defined above. 
5 According to another embodin^nt, the present invention relates to a method as defined above 
for the detection of alleles of VDG of Kpylori^ more prefw^entialfy alleles of the vacA gene 
of H.pylori, present m a sample uang a set of probes and/or primers specially designed to 
detect and/or to an^lify the said alleles, with said probes and primers being defined above. 
In order to detect and/or type the H.pylori strains present in the sample, using the above set 

10 of oligonucleotide probes, any hybridization method known in the art can be used 
(conventional dot-blot. Southern blot, sandwich, chiqp-based, etc), in order to obtain fest and 
easy results if a large number of probes is involved, a reverse hybridization format may be 
most convenient. According to a preferred embodiment, a selected set of probes are 
immobilized onto a solid support. 

15 In another preferred embodiment, a selected set of probes are immobilized to a membrane 
strip. Said probes may be immobilized individually or as mixtures on the solid support. 
A specific and very user-fiiendly embodiment of the above-mentioned prefereatial method is 
the liPA-method, where the above-mentioned set of probes is innnobilized in parallel lines on 
a membrane, as further described in the exa3zq>les. 

20 AJtematively, detection -without typing- of H. pylori strains may be performed conveniently 
by use of the DNA Enzyme Innmmo Assay (DEIA). The prindple of this assay as well as an 
application based on the detection of a conserved part of the S-region of the vacA gene is 
outlined in example 8. 

Some of the above described probes are directed towards nucleic acid sequences already 
25 discribed in the prior art. However, as illustrated in the exan5)les, nucleic acid sequences of 

VDG of a large number of new isolates of H.pylori were disclosed for the first time in this 

invention, providing valuable new infoimatiQn necessarry to succesfidly deagn suitable probes 

with respect to detecting and more in5)ortantly to typing H.pylori strains.These new H pylori 

sequences also form part of the present invesation. 
30 Moreover, previousfy deagned primers and probes by other autors (Allierton et aL, 1995) are 

shown in the examples to be less appropriate in typing H.pylori strains in a san:q)le. 

This invention also provides for probes and primers(sets) which are designed to specifically 
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detect or ampHfy the respective VDG alleles of the new isolates, and provfdes moreover 
methods and kits for applying said primers or probes in the detection and/or typing of H. pylori 
strains ia a sanaple. 

The present invention also provides for a set of primers, allowing an^Hfication of the 
conserved region spanning the region between the nucleotide at position 1 to the nucleotide 
5 at position 250 of the cag gene of H.pylori. Tht set of primers con5)rises for instance: 

cagF and cagR (SEQ ID N* 1 1 and 12) 
Also, the present invention provides sets of primers covering the variable S- and/or M-regions 
of the vacA gene of Kpylori, said S-regjon being conqmsed between the nucleotide at poation 
1 and 300 and comprismg conserved sequences in addition to variable sequences, said M- 

10 region being cong)rised betweai the nucleotides at the position 1450 and 1650, widi said 
primers for instance being: 

VAl-F and VAl-XR (Atherton et aL, 1995 and SEQ ED N° 15) 
MIF and MIR (SEQ ID N° 16 and 17) 
The invention also provides mediods and kits to apply the above described primers sets 

15 directed to particular regions of VDG genes, e.g the cagA and vacA genes, simuhaneously 
under identical an5)Bfication, hybridisation and washing conditions. 
The primers according to tiie present invention may be labeled witii a label of choice (e.g. 
biotine). Different target an5)fification systems may be used, and preferentially PCR- 
an5)Mcation, as set out in the exan5)ies. Single-round or nested PCR may be used. 

20 According to yet another embodiment, the present invention rdates to a solid support, 
preferentially a membrane str^, carrying on its suifece, at least one probe as defined above. 
According to another embodiment, the present invention relates to a kit for detecting and/or 
typing H. pylori stains in a sample liable to contain it, con:q)iismg tiie following con^onents: 

- vMeo. appropriate at least one oligonucleotide primer as defined; 

25 - at least one probe as defined above, witii said probe and/or otiier probes applied 

being by preference immobilized on a soHd support; 

- a buffer or conq>onents necessary to produce the buffer enabling an anq)lification or 
a hybridization reaction between tiiese probes and the anopBfied products; 

- when appropriate a means for detecting tiie hybrids resulting fi-om the preceding 
30 hybridization. 

The term "hybridization buffer" means a buffer enabling a hybridi2ation reaction to occur 
between the probes and tiie polynucldc adds present in tiie san5>le, or the airplified products, 
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under the appropriate stringency conditions* 

The term "washing solution" means a solution enabling washing of the hybrids formed und^- 
the appropriate stringency conditions. 

Tie present invention also relates to isolated vacA polynucleic acid sequences deJ&aed 
by SEQ ID NO 40 to 9 1 and SEQ ID NO 11 5 to 276 or any j&agment thereof that can be used 
5 as a prima- or as a probe in a method for detection and/or typing of one or more vacA alleles 
ofK pylori. 

The present invention also relates to isolated cagA polynucleic add sequences defined 
by SEQ ID NO 92 to 1 14 or any fragment thereof that can be used as a primer or as a probe 
in a method for detection and^or typmg of one or more cagA alleles of if. pylori. 

10 The present invention also relates to a vacA protein fragment encoded by any of the 

nucleic acids witii SEQ ID NO 40 to 91 and SEQ ID NO 1 15 to 276 or any subfragmeat of 
said vacA protein fragment, with said subfragment consisting of at least 5, 6, 7, 8, 9, 10, 11, 

:j 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 or 25 contiguous amino adds of a vacA 

3 protein. 

is The present invention also relates to a cagA protein fragment encoded by any of the 

K nucleic adds with SEQ ID NO 92 to 1 14, or any subfragment of said cagA protein fragment, 
0 wifli said subfragment consisring of at least 5, 6, 7, 8, 9, 10, 1 1, 12, 13, 14, 15, 16, 17, 18, 19, 
^ 20, 21, 22, 23, 24 or 25 contiguous amino acids of a cagA proteuL 
p The following exan[q)les serve to Slustrate tiie present invention and are in no way to 

20 be construed as fixoiting the scope of tins inventioxt It should also be noted that the contents 
of all references referred to in tins invention are hereby incorporated by reference. 
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LEGENDS TO THE FIGURES 

Figure 1: Schematic overview of the S- and M-region of the vacA gene of H.pylori and 
indication of the overaU position of the relevant primers. 

Figm-e 2a: DNA sequence alignment of the S-region Sla/b of various Kpylori strains. 

Figure 2b: DNA sequence alignment of the S-region S2 of various i/./?y/ari strains. 

5 Figure 3a: DNA sequence alignment of the M-region Ml of various H.pylori strains. 

Figure 3b: DNA sequence alignment of the M-region M2 of various H.pylori strains. 

Figure 4: y^arose gel-electrophoresus of the anQ)Iification products using as starting material 
DNA from the gastric biopsy 18 and primers indicated in exarcple 1. 

Figure 5: Agarose gel-electrophoresis of the amplification products using as starting material 
1 0 DNA from the gastric biopsy 4 1 and primers indicated in example 1. 

Figure 6: Agarose gel-electrophoresis of the anxpMcarion products using as starting matmal 
DNA from the gastric biopsy F67 and primers indicated in example L 

Figure 7: Agarose gel-electrophoresis of the aizq)lificauon products using as starting material 
DNA from the gastric biopsy 25 and primers indicated in exatsple L 

15 Figure 8: LIPA outhne where the probes indicated in the figure are accordmg to table H and 
primers accordmg to txsaa^lt 3. 

Figure 9: Multq[>lK PCR with vacA as weD as cagA primers. For vacA prim^ set G was used 
(%ire 1); for cagA primers cagF and cagR were used. The isolate shown m the first two lanes 
contains si and ml alleles and is cagA+. The isolate ^own in lanes 4 and 5 ( coimring from 
20 1^) contains a multiple infection. 
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Figuie 1 0: Alignment of cagA nucleic acid sequences, encoding the N-terminus of the cagA 
protem. The position of some cagA primers is indicated. Hyphens indicate gaps introduced 
to obtain optimal alignment Asterisks below the alignment indicate identical nucleotides. Dots 
below the alignment indicate partial conservation. 

Figure 11: Riylogenetictree of cagA amino acid sequences. The 16 sequences counting jfrom 
5 the top represent the first variant, occurring mainly in Europe and in Australia. USA123 and 
USA39 are strains from the USA, having an intermediate position. The 7 sequences counting 
fi*om the bottom (HK7 to HKIh8828) represent a variant that is mainly found m Far East Asia. 

Figure 12: Alignment of nucledc add sequences of part of the S-region of the vacA gene. The 
sequences are grouped according to the variant that they belong to. A larger number of 
10 sequences is shown than in figure 2a and 2b. The variants are firom top to bottom: s2, sic, sib 
and sla. Hyphens indicate that at that position the nucleotide is identical to that in the 
sequence of strain 29401. Dots indicate a gap in the sequence that was introduced to preserve 
aHgnment. 

Hgure 13: Hiylogenetic anafysis of nucleic acid sequences of part of the S-region of the vacA 
15 protein. The variants are indicated. 

Figure 14: ABgnmeat of nucldc add sequences of part of the M-region of the vacA gene. A 
larger number of sequences is shown than in figures 3a and 3b. Hyphens and dots as in figure 
12. 

Figure 15: Phylogenedc analyas of nucleic add sequences of part of the M-region of the vacA 
20 protein. The variants are indicated. 
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EXAMPLES 

Example 1 : Evaluation of the use of the primers described by Atherton et aL, 1995 in 
typing H.pylari strains within the framework of large scale clinical trials 



1 1 C9Tnpari<^<;) n of vacA genotyping methods. 

The efiSciency of the vacA genotyping as described by Atherton et al (1995) was con^ared 
5 to the efficacy as described m the present invention. The method as described by Atherton 
conq)rises 6 different PCR reactions: 

A. Using primers VAIF and VAIR, to distinguish si and s2 alleles. 

B. Using primers SSIF and VAIR, to amplify sla sequences. 

C. Uang primers SS3F and VAIR, to an^itfy slb sequences. 
10 D. Using primers SS2F and VAIR, to an^lify s2 sequences. 

E. Using primers VA3F and VA3R, to anoplify ml sequences. 

F. Uang primers VA4F and VA4R, to amplify m2 sequeaces. 

Figure 1 dtows a schematic representation of aH primers involved in vacAlyping. Identification 
of the PCR products is based on visual inspection of DNA bands on an agarose gel. 

15 L2, Problems with the Atherton system: 

The s-region: 

Based on the sequence alignments fi^om European isolates, as shown in figure 2a and 2b, it is 
clear that primers SSIF, SS2F, and SS3F may contain several mismatches to their respective 
target sequences. This may hanger proper annealiag of the primers and may lead to 
20 an^Mcation of spurious bands. The target sequence for primer SS3F (aimed at detection of 
the slb allele), contains two crucial mismatches at the 3' end of the piimCT m some isolates 
(e.g. m isolates F67, F68, F73, F76. F42, F12). 



F67 (see below) showed an:5)lification with primer SSIF and VAIR, wiereas amplification 
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with SS3F and VAIR was negative, suggesting the presence of the sla genotype. However, 
PCR/yPA analysis showed the presence of genotype sla, which was confinned by sequence 
analysis. 

Primer SS2F, aimed at s2 sequences, results in amplification of aspedfic bands (see e.g. figure 
photo 1 & 2, in case of primerset D). 



5 The m-region: 



As described by Atherton et ai, (1995) typing of the m-region was initially based on 
hybridization with two spedfic DNA probes, ie. pCTB4 and VA6 for the Mi and M2 variant, 
reqjectrvely. 

From the published nucleotide alignments of the vacA sequences from strain 60190 (type Ml ) 
10 and Tx30a (U29401; type M2), it is ob\'ious that these two probes cover a region of 
substantial variation. 

Moreover, the Ml variant shows a deletion (around position 2340 of the 60190 sequenceX 
conqjared to the M2 variairt. One nnght envisage Uiat this r^on of ddetion/fesertion (similar 
to Ae S-regjon) is of major ircportance to discrimmate Ml and M2. However, the PCR 
15 primers for specific detectirai of Ml and M2 are aimed at a different region of the vacA gene, 
winch is more downstream (betweoi positions 2750 and 3030 of the 60190 sequence)-and is 
not covered by the original DNA probes. 

We have anatysed the mdividual PCR primers by sequence alignments to the Ml and M2 
sequences. We noticed that the 3" ends of several primers described by Atherton et aL, are not 
20 cowpistefy tmique in ihe vacA gme. 

Primer VA3-R shows homology to sequences: 

m strain 60190 (Genbank Seq U05676; mi-type): 
aromidpos229 (6 nt at the 3' end) 
around pos 839 (6 nt at the 3' end) 
25 around pos 30 1 1 (target sequence, 100%) 

around pos 4653 (6 nt at the 3* end) 



in strain Tx30a: 

around pos 4271 (6 nt at the 3'end) 
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Primer VA4-F s^ows homolog}' to sequences: 

in strain Tx30a (GenBank Seq # U29401; m2-type): 
around pes 23 1 (7 nt at the 3' end) 
around pos 1907 (8 nt at the 3' end) 
around pos 2297 (target sequence, 100%) 
5 around pos 2594 (9 nt at the 3' end) 



Espedalty the hranolo^es at the veiy 3' end may hmspar the spedfidty of these primers. Some 
spurious bands were obtamed w^ien using these pximers. Moreover, these primers Med to 
yield any airplification product m several isolates or biopsies (e.g., biopsy 4 1, see below). This 
has been observed before (Maeda, S, K. Ogura, M. Ishitom F. Kanai, H. Yoshida, S. Ota, Y. 
10 Shiratori, and M. Omata. abstract # 492: Diversity of Helicobacter pylori vacA gene in 
Japanese strains -high c^otoxia activity type si is dominant in Japan, Digestive Disease Week. 
San Fransisco, May 1996). 

We have analysed the Ml and M2 region of the vacA allele from mult^le H. pylori strains by 
DNA sequendng upon PCR an5)Iification usmg as primers HPMGF and HPMGR (see figure 
15 3a and 3b). Based on these sequences new primers had to be developed for vac.4 genoiyping 
in a multiplex PCR, as described in exan^le 4. 

1.3. ConroaTative results are shown in fi^n-ey; and diseiissftd Hqtv 

The respective primers used by Atherton et aL (1995) were used in A-F v*Me piimerset G. 
conq)rised the newly designed set of primers conqjrismg VAIF, VAIXR, MIF, and MIR 
20 disclosed for the first time in this invention. All of thiese primers are new as such, except VAIF 
which was disclosed by Atherton et aL, 1995. 



Biopsy # 1 8 (see figure 4) 

A sl/s2 SI 

B sla + 

25 C sib 

D s2 - (note the background) 

E ml 

F m2 + 
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nxuld 



s1/id2 



From this biopsy, the e?q)ected fragments were ainpBfied, consistent with a sla/m2 genotype. 
Multiplex PCR, followed by LiPA. as described in the present invention, yielded an identical 
result. 



10 



Biopsy #41 (see figure 5) 



A 


sl/s2 


si 


B 


sla 




C 


sib 




D 


S2 


- (note the background) 


E 


ml 




F 


rHZ 




G 


muhi 


sl/ml 



From this biopsy, only the s-region could be typed by the method of Alherton et aL 
AxopMcatioa with the ml and m2-5pedfic piim^ did not yield any vi^le DNA product. 
1 5 However, by the muitqjlex PCR, followed by IjPA, as described in the present invaition, a 
sla, ml genotype was detected. 



Isolate F67 (see figure 6) 

A sl/s2 

B sla 

20 C sib 

D s2 

E ml 

F m2 

G muhi 



si 



■r (note the background) 



sl/ml 



25 LiPA siiowed the presence of a sib. instead of sla. This was confirmed by sequence analysis. 



1.4. Detection of multiple infecrinns- 
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Biopsy 25 (see figure 7) 

A sl/s2 both 
B sla 

C sib H- 

^ si + (note the background) 

5 E ml + 

F m2 + 

G nniM sl/s2/ml/ni2 

LiPA analysis revealed the presence of slb/s2/ml/m2 mixed genotypes. 
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Example 2: Identification and amplification of a conserved region of the cagA gene 
fragment in H.pylori; designing primers and a cagA-derived probe allowing to 
detect H.pylori in a sample through reverse hybridization 

The establisJunent of the e?q)erimental conditions in order to set up a reverse hybridisation 
assay m case of the cagA gene comprised i) a theoretical evahiation of suitable probes and 
5 primers based upon nucleic add sequence con:q)arisons using standard DNA analysing 
con^uter programmes, and ii) an experimental evahiation and adjustment of the primers and 
probes to the conditions set for the reverse hybridization technology. 
Comparison of two pubiidied nucleic acid sequences of cagA alleles of different H.pylori 
strains demonstrated that the region between nucleic adds 17 to 113 is highly conserved 
10 (Covacci et aL, 1993; Tummuru et aL, 1993) and said region could be used for poative 
identification of the presence of the cagA gene m a certain H.pylori strain* 
A set of primers was designed as follows: 

cagF(bp 17 to 40) 

cagR(bp 178-199) 

15 Both primers are new primer sequences, described by the current invention (see table I). 
These prim^ can be labeled with a label of choice (e.g. biotine). Different piimer-based 
target-ampMcation systems rosy be used. For anpMfication using the PGR, the conditions used 
in case of a single-round an:5)lification with above primers cagF and cagR, mvolve 40 cychs 
of 1 mm/95 **C, 1 mm/55 1 mm/72*'C followed by a final ejctension for 5 mm at 72°C. 
20 The PGR reaction nrixture was as follows: 

1 ^1 DNA sarcple, contahung Kpylori or control DNA 
10 lil lOx polymerase mix (final concentration 10 mM Tiis HCl, pH 9.0, 50 mM 
KCl, 2.5 mM MgCk 0.01% gelatin, and 0. 1% Triton) 
20 \il deoxyribonucleotide imx (final concentration 200 pM each) 
25 1 ^1 Super Taq pohmerase (0.25 Wpl) 

1 pi forward primer (50 pmoles/jil) 
1 |il reverse primer (50 pmoles/nl) 
66 pi water 
100 ^il 

30 Amplification products were anaK^sed on an agarose gel, staked with ethidhmibromide and 
visualized under UV. The aitpHfied product obtained usmg 1 pi of H.pylori DNA as starting 
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material and above pximers consisted of a single band with approximatively molecular weight 
0.18 Kb, m agreement with the expected size of 183 bp. Control samples containing DNA 
from cag(-) H.pylori strains or other bacterial species did not yield any anqilification product 
(data not shown). 

The uniformity of the anq)lified product was verified through DNA sequencing apptying 
5 standard sequencmg techniques. A 100 % match with the described region could be 
demonstrated (data not shown). 

Also, a number of probes were tested iQ order to detenrdne optimal hybridization between the 
above anq^Iified product and the said probes under standardized hybridization and washing 
conditions appKed in the reverse hybridisation assay. 

10 The below probes tested were chosen from the list mdicated in table IL Said probes were 
immobilized onto a solid support as described m example 3. Ihe an5)hfied product obtamed 
with said above primers was hybridized to the respective probes applymg the same conditions 
as outKned not exanQ)le 3, Most optimal results were obtained with probe cagApro (SEQ ID 
N°12X which can thus be used as a positive identification of the presence of the cagA gene 

15 trK pylori straius, in combmation with the above primers under the conditions of the below 
reverse hybridization assay. 
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Exampie 3: Identification and amplification of variable target regions of the vacA gene 
in H.pylori; designing primers and a vacA-derived probe allowing to detect 
and/or type H.pylori in a sample through reverse hybridization 



The establishment of the experimental conditions in order to set up a reverse hybridisation 
assay in case of the vacA gene con^iised i) a theoretical evaluation of suitable probes and 

5 primers based upon nucleic acid sequence coiiq>arisons using standard DNA analysing 
coir5)uter programmes, and ii) an experimental aii5)lification of the various variable regions, 
DNA sequence analysis of the respective an^^lified fragments^ designing allele-^ecific probes 
and appropriate primers, and the evaluation and the adjustment of the primers and probes to 
the conditions appHcabie in the reverse hybridization technology. 

1 0 Recentfy, Atherton et aL ( 1995) demonstrated tlie presence of two variable regions in the vacA 
gene, being the S- and M- region. Primers were designed m order to an^Bficate specifically 
alleles of the vacA with variable S- and M-regions. 

In this invention, a large number of additional nucleic acid sequences spanning both the said 
S- or M-region were obtained upon DNA sequence analysis of PCR anylification of said 
15 regions. These data are new and are beiag disclosed here for the first time in the present 
invention (see figure 2 and 3). 

In order to obtain anaplification products spanning either the S- or the M- region of the vacA 
gene, the following set of primers was used: 



These primers can be labeled with a label of choice (in this case biotine was used). IMffCTcnt 
primer-based target-amplification systems may be used. For amplification using the PCR, the 
25 conditions used in case of a smgle-round amplification with above primers, involve 40 cycles 
of 1 mm/95*C, 1 mio/SS'C 1 min/72''C foflowed by a final extenaon for 5 mm at 72X. 

The PCR reaction mixture was as follows: 

1 fxl DNA sample, contaicdng H.pylori or control DNA 
10 lOx polymerase mix (final concentration 10 mM Tris HCl, pH 9.0, 50 mM 
30 KCl, 2.5 mM MgCl., 0.01% gelatin, and 0. 1% Triton) 



S-re^on: 



VAl-F (see Atherton et al., 1995) 
VAl-R (see Atherton et al, 1995) 
HPMGF (CACAGCCACTTTCAATAACGA) 
HPMGR (CGTCAAAATAATTCCAAGGG) 



20 



M-region: 
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20 ^l deoxynbonucleotide mix (final concentration 200 fiM each) 
* 1 ^1 Super Taq polymerase (0.25 U/^il) 

1 forward primer (50 pmoles/^il) 

1 ^1 reverse primer (50 pmoles/fil) 
i66 ^1 water 
5 100 III 

Amplification products were analysed by DNA sequencing applying standard sequencing 
techniques. The results of these analyses are given in figure 2 and 3. Based on these analyses, 
it became obvious that primers being used by others with the aim of allele-specific typing of 
Kpylori based upon the variable S- and M-region of the vacA gene, could not cover the fiill 
1 0 range of patfaogaiic Kpylori strains (see exanqjle 1). Thus, new sets of primers, not obvious 
to the skilled man in the art, were deagned in order to develop an assay to detect and type 
pathogenic Kpylori strains ni a sample. The primers and their sequence are given in table L 
Also, a number of probes were tested in order to obtain optimal hybridization between the 
anoplified products, generated by the new primer sets, and said probes under standardized 
15 hybridization and washing conditions applied in the reverse hybridisation assay. The tested 
probes are given in table n. Said probes were immobilized unto a solid support as described 
by Styver et al^ 1993. The amplification with said primersets was perfonned under the 
conditions and protocol as described above in this exan5)le. The an5)lified products obtained 
with said above primers were hybridized to the respective probes (see figure 8). 
20 Optimal results were obtained combining the foHowing primers: 

VAl-F (Atherton et aL, 1995) 

VAIXR (SEQIDN014) 

MIF (SEQIDN015) 

MIR (SEQIDN016) 
25 with the followmg probes: 

PlSl (SEQIDN02) 

P22Sla (SEQroNOS) 

PlSlb (SEQIDN04) 

P2SIb (SEQIDN05) 
30 P1S2(VAS2) (SEQIDN06) 

P2S2 (SEQIDN07) 
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PlMl (SEQn)N0 8) 

P2M1 (SEQroN0 9) 

P1M2 (SEQIDNOlO) 
P2M2 (SEQroNOll) 
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Example 4 : Development of the Line Probe Assay (LiPA)-strip 

The prmc^Ie and protocol of the line probe assay was in essence as described earlier (Stuyver 
et al., 1993). Good results were obtained combHiing tbe following primers: 

cagF (SEQIDN012) 

cagR (SEQIDN013) 
5 VAl-F (Atheron et al, 1995) 

VAIXR (SEQroNOM) 

MIF (SEQIDN015) 

MIR (SEQIDN016) 

1 0 with the following probes: 

cagApro (SEQ JD NOl) 
PlSl (SEQIDN02) 
P22Sla (SEQIDN03) 
PlSlb (SEQIDN04) 
15 P2Slb (SEQIDN05) 

P1S2(VAS2) (SEQIDN06) 
P2S2 (SEQIDN07) 
PlMl (SEQIDN08) 
P2M1 (SEQIDN09) 
20 P1M2 (SEQE)NO10) 

P2M2 (SEQ ID NOl 1) 

Hie said primers were labeled with biotiDe. Different primer-based target-amplification systems 
may be used. For an5)lification using the PGR, the conditions used in case of a angle-round 
amplificatbn with above primws, involve 40 cycles of 1 min/95'C, 1 mm/SS'C, 1 min/72"C 
25 followed by a £ba] extension for 5 min at 72''C. 

Hie PCR reaction mixture was as follows: 

1 }il DNA ssasph, containing H.pylori or control DNA 
10 ^l 1 Ox polymerase mix (final concentration 10 mM Tris HCl, pH 9.0, 50 mM 
KCL 2.5 mM MgClj, 0.01% gelatin, and 0.1% Triton) 
30 20 pi deoxyiftonucleotide mix (final concentration 200 fiM eacli) 
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1 \il Super Taq polymerase (0.25 U/^iI) 

1 fil forward primer (50 pmoles/^1) 

1 nl reverse primer (50 pmoles/jil) 
M fil water 
100 )i\ 

5 The sequence of these primers is given in table 2. An exaiig)le of the anqjlification products 
generated by use of vacA s/m region-primers or cagA-primers is shown in figure 9. For this 
experiment primer set G (figure 1) was used for vacA and cagF and cagR were used for cagA. 
Hie isolate ^own in the first two lanes contains si and ml alleles and is cagA+. The isolate 
shown in lanes 4 and 5 (countmg fi-om left) contains a multiple infection. Hie results of the 

10 LiPA are shown in figure 8. 
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Example 5: Novel DNA sequences of a fragment of the cagA gene of jtt pylori and 
design of primers and a probe based thereon. 



The 5' part of the cagA gene was an:?>ffied by PGR from various K pylori isolates, uang 
diflferent primer combmations. The resuWng fragments were sequenced and the afignment is 
shown in figure 10. The sequences con5)iised 449-464 bp, starting at the start codon of the 
5 ORF. A total of 149-154 amino acids represmting the N-terminus of the cagA protein can 
be derived by translation of these sequences, starting at the ATG codon at position 1 in figure 
10. 

As shown by phylogenetic analyas in figure 1 1, 2 different forms of cagA were reco^ured 
The first variant is highly homologous to the reference sequence (Genbank accesaon number 
10 L11741 (HECMAJANT) or X70039 (HPCAI)) and occurs mainly in strains from Europe and 
Australia. Two sequences from the USA (J123 and J39) seem to have intermediate positions 
m the phylogenetic tree. The second variant, mainly found in strains from Far East Asia, 
contains 15 additional nucleotides between nt poarions 20 and 31, encoding 5 additional amino 
acids between positions 8-9, as conqjared to the reference sequence. 

15 From the nucleotide sequence alignment the following novel primers and probe were deduced, 
aimed at highly conserved regions in tiie cagA gene. 



Table 3. CagA primers and probe 



primer/probe 


5' to 3' sequence 


position/orientation * 


primers 






cagFNl 


GATAAGAAYGATAGGGATAA 


+ (142-161) 


cagRNl 


AATACTGATTCTTTTTGG 


- (230-247) 








probe 






cagprobeS 


GGATTTTTGATCGCTTTATT 


- ( 219-227) 



^ Portions according to the ATG of the ORF at position 1. 
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Example 6: Novel DNA sequences of the s-region of the vacA gene of H. pylori and 
design of probes based thereon. 



VacA s-region fragments were amplified from a large number of K pylori isolates, using 
primers VAl-F and VAl-R (Atherton et al, 1995). This resuhed in fragments of 176 bp for 
si and 203 bp for s2 types sequences. Parts of these fragments were sequenced, and the 

5 resulting alignment of 80 sequences (including 2 reference sequaices U29401 and U07145) 
is shown m figure 12. Apart from the afready known sla and sib type sequences, a third 
variant was observed, mainly in isolates from Far East A^ (Japan, China, Hong Kong). This 
variant is deagnated sic. Type sic has several highly consistent mutations as con:;)ared to type 
sib and sla. These mutations allow specific recognition of each of the si subtypes. 

10 Ph}iogenetic analysis, as shown m figure 13, reveals distmct clusters of sla, sib, sic and s2 
sequences. The N-tenninal parts of the vacA protein can be deduced from the nucleic acid 
sequences of the sla, sib, sic, and s2 variants by translation starting at codon CCT at position 
2 in figure 12. This reveals the presence of a single conserved amino add mutation (Lys) at 
position 22 in subtype sic as conqjared to sla and/or sib sequences. All other nucleotide 

15 mutations appear to be silent. 



New probes were deagned to specifically detect the sic variiants: 

P3sl: 5* GGGYTATTGGTYAGCATCAC 3' (positions 26 - 45) 
P4sl: 5' GCTTTAGTRGGGYTATTGGT 3* (positions 17 - 36) 



Thus, for optimal detection of the vacA s-region variants, the following probes were used: 



20 for sla: PlSl andP22Sla 

for sib: Plslb andP2slb 

for s2: P1S2 (VAS2) and P2S2 

for sic: P3sl aad P4sl 
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Example 7: Novel DNA sequences of the m-region of the vacA gene of ^. pylori and 
design of probes based thereon. 



The vacA m-region was analyzed from a number ofH. pylori isolates, by usmg primers 
HPMGF and HPMGR. These primers allow goieral anpMcation of larger parts of the m- 
region sequences and generate fragments of 401 and 476 bp for ml and ml variants, 
5 respectively. Fragments were sequenced and the aligmnent of 86 m-region sequences 
(including reference sequences U05677, U07145, U05676 and U29401) is shown in figure 14. 
The phylogenetic tree is shown m figure 15. The alignment revealed the presence of 3 
sequeoces (Ch4, Hk41, Hk46) that are different from the published ml and m2 variants. Ihese 
sequences may represent another variant in the m-region. Said new variant may be denoted 
10 m3. 



These alignments revealed that the target sequence for forward primer MIF {SEQ ID N015) 
was not completely conserved among afl isolates. The target sequence for reverse primer MIR 
appeared highly conserved among all isolates. As an ahemative for forward primer MIF the 
following primers were designed, as siown in table 4. 



15 Table 4. Novel forward primers for the vacA m-region 



primer 


sequence 5' to 3' 


orientation 


VAMSFb: 


GTGGATGCCCATACGGCTAA 


forward 


VAMSFc 


GTGGATGCTCATACAGCTWA 


forward 


VAMSFd 


GTGGATGCCCATACGATCAA 


forward 


VAMSFe 


GCGAGCGCTCATACGGTCAA 


forward 



PGR amplification m the m-region of the vacA gene can thus be performed by use of 
VAMSFb,c,d, and e as forward primers, and MIR as the reverse primer. 



Novel probes were designed for specific hybridization to ml and m2 variants. Thek sequence 
is based on the above-menrioned probes Plml, P2ml, Plm2 and P2m2. In order to obtain 
reactivhy whh aU sequences, a few degeneracies were mchided. The novel sequences are 
shown m table 5. For q)ecific identification of m3 variants, a smgle probe is added (Plm3). 
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Table 5. Novel probes for the vacA Da-region 



probe 


sequence 5* -3' 


positions 


Plmlnew 


TTGATACKGGTAATGGTGG 


as for Plml 


Plmlnew 


KGGTAATGGTGGTTTCAACA 


asforP2ml 


Plmlnew 


KGGTAATGGTGGTTTCAACA 


as for Plni2 


P2m2new 


AGAGCGATAAYGGKCTAAACA 


as for P2iii2 


Plm3 


AGGGTAGAAATGGTATCGACA 


1577-1597^ 



' The position of probe PlmS is identical to the position of Plm2 and P2in2, although thi 
is no reference sequmce for this m-type available in the Gmbank. 
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Example 8: Detection of H. pylori DNA by PCR and DNA Enzyme Immuno Assay 
(DEIA). 

This method is used for rapid and specific detection of PCR products. PCR products are 
generated by a primerset, of which either the forward or the reverse primer contain biotin at 
the 5' end. This aDows binding of the biotinylated an5)Iimers to streptavidin-coated microtiter 
5 wells. PCR products are denatured by sodium hydroxide, which allows removal of the non- 
biotinylated strand. Specific digoxigenin(DIG)-labelled oligonucleotide probes are hybridized 
to the single-stranded immobilized PCR product and hybrids are detected by enzyme-labelled 
conjugate and colorimetric methods. 

For detection of//, pylori DNA, the vacA s-region is used as a target PCR primers VAIF 
1 0 and biotinylated VAIXR are used for PCR of the vacA s-region. A multiplex PCR can be 
performed on the vacA s and m-regions. The result of PCR is then tested by the DEIA, usmg 
probes aimed at the s-region. In case of a positive result the same PCR naixtuie, iacluding 
an:5)limers from both the vacA s- and m-regions, can subsequently be used on a vacA LiPA. 

The PCR mixtures can be con^josed as follows: 
15 1 jil target DNA 

5 111 lOx PCR buffer (final concentration 10 mM TriisHCl pH 8.3, 50 mM KCl, 1 -3 



mMMgClj) 



10 




5xdNTP's(liiiM) 


0,3 


pl 


AmpIiTaq Gold DNA polymerase (5 tmits/nl) 


1 


til 


VAIF (25 pmoles/jil) 


1 


Hi 


VAlXr (25 pmoles/jil) 


1 


fil 


VAMSFb(25pmoles/^l) 


1 


Ml 


VAMSFc (25 pmoles/fil) 


1 


Mi 


VAMSFd(25pmoWnl) 


1 


Ml 


VAMSfe(25pmoles/fil) 


1 


Ml 


MIR (25 pmoles/fil) 


26.3 


Ml 


water 


50 


Ml 


total 
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The following PGR program can be used: 

• 9 min pre-incubation at 94^C. 

• 40 cycles of 1 min 94°C, 1 min 50°C, and 1 min 72°C. 

• final extension: 5 min at 72°C. 

The mixture of probes used for detection of the vacA s-region is shown in table 6. 



5 Table 6. Probes for detection of vacA s-region air5>Iimers by DEIA 



probe 


sequence 


target 


HpdiaSl 


DIG-CATGCYGCCTTCTTTACAACCGT 


si 


HpdiaS2 


DIG-CATGCCGCCTTTTTCACRACCGT 


si 


HpdiaS3 


DIG-CATGCCGCTCTTTTTACAACCGT 


si 


HpdiaS4 


DIG-CATGCCGCCTTTTTTACAACCGT 


si 


HpdiaSS 


DIG-AGTCGCGCYTTTTTYACAACCGT 


s2 



Pracricalfy, microtiterplate wdls were precoated with streptavidin. Ten yl of PGR product was 
mixed with an^hmer dSution buffer (Ix SSG, 0.1% Tween-20, and 0.004% phenol red). After 
incubation at 42X for 30 minutes, the wells were washed 3 times wifh 400 ^il washing solution 

1 5 ( IxSSC, 0. 1% Tween-20). The captured PGR products were denatured by addition of 1 OOfxl 
of 0. IM NaOH into the well and incubated for 5 mmutes at room tenq). The fluid, contaroing 
the unbiotinylated eluted strand was removed. 100 fil hybridization solution containing 1 x 
SSC, 0.1% Tween-20, 0.004% phenol red and 1 pmole of digoxigemn (DIG)- labelled 
oligonucleotide probe(s) were added to the well and incubated for 45 minutes in a waterbath 

20 at 42^G. After washmg the wells 3 times with washing solution, 100 ^1 of TSmUM anti- 
digoxigenin-peroxidase conjugate (Boehiinger Mannheim) was added and incubated for 15 
nnnutes in a waterbati at 42X. The unbound conjugate was removed by washing the wells 5 
times with washing sohitioiL 100 nl of substrate sohition containing tetramethylbenzidine 
(TMB) was added to the wells. After incubation for 15 minutes at room tenqjerature the 

25 colour reaction was stopped by addition of 100 ^il 03M sulphuric add. The optical density of 
the wells was read at 450 nm in a microliter plate reader. 

For interpretation of the results, optical densities of the samples were con5)ared with negative 
controls and borderline poative controls. Table 7 shows the result of a DEIA analysis of 6 
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sairq)les. Sample 1 and 5 yield an optical density that is higker than that of the borderline 
positive control; these saicples are therefore consida-ed positive. The optical density of the 
other sanoples is lower than the borderline po^tive control; they are considered negative. 

Table?. Results ofaDEIA test 



Sample 


OD 


conclusion negative 


positive control 


1.178 




borderline pos. control 


0.214 




negative control 


0,102 




san^le 1 


>4.0 


positive 


san^leZ 


0.086 


negative 


sample 3 


0,098 


negative 


sanq)le4 


0.108 


negative 


san[5>le 5 


2.146 


positive 


sample 6 


0.096 


negative 
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Table 1 : Nu cleotide sequence of thp p pmyrc- 





cagF 


SEQ ID NO 12 


5'-TTGACCAACAACCACAAACCGAAG-3' 




cagR 


SEQ ID NO 13 


5'-CTTCCCTTAATTGCGAGATTCC-3' 




VAl-F 


Atherton et aL, 1995 


5'-ATGGAAATACAACAAACACAC-3' 




VAIXR 


SEQ ID NO 14 


5'-CCTGARACCGTTCCTACAGC-y 


5 


MIF 


SEQIDNO 15 


5'-GTGGATGCYCATACRGCTWA-3' 




MIR 


SEQ ID No 16 


5'-RTGAGCTTGTTGATATTGAC-3' 




HPMGF 


SEQIDNo 17 


5'-CACAGCCACTTTCAATAACGA-3' 




HPMGR 


SEQIDNo 18 


5'-CGTCAAAATAATTCCAAGGG.3' 


3 


cagSF 


SEQIDNo 19 


5'-CAACAACCACAAACCGAAG-3' 


3 JO 


cagSR 


SEQIDNo 20 


5'-GATTGGTTTTTGATCAGGATC-3' 


fts= 

? H 


cagFNI 


SEQ ID No 21 


5'-GATAAGAAYGATAGGGATAA-3' 


ft 


cagRNl 


SEQ ID No 22 


5'.AATACTGATTCTriTrGG.3 




VAMSFb 


SEQ ID No 23 


GTGGATGCCCATACGGCTAA 




VAMSFc 


SEQ ID No 24 


GTGGATGCTCATACAGCTWA 


y 15 


VAMSFd 


SEQIDNo 25 


GTGGATGCCCATACGATCAA 




VAMSFe 


SEQ ID No 26 


GCGAGCGCTCATACGGTCAA 



wo 98/16658 



45 



'CT/EP97/05614 




o 



wo 98/16658 



PCT/EP97/05614 



45 



'strain Tx30a (Genbank Acc. 




























of vacA ORF of 




























1597 




























AGAGCGA TAACGGGCTAAACA (pos. 1 577- 
U29401)) 


GGAITTTTGATCGCTTTATT (pos. 2 19-227) 


GGGYTATTGGTYAGCATCAC (pos, 26-45) 


GCTTTAGTRGGGYTATTGGT (pos. 17-36) 


TTGATACKGGTAATGGTGG 


KGGTAATGGTGGTTTCAACA 


KGGTAATGGTGGTTTCAACA 


AGAGCGATAAYGGKCTAAACA 


AGGGTAGAAATGGTATCGACA 


DIG-CATGCYGCCTTCTTTACAACCGT 


DIG-CATGCCGCCTTTTTCACRACCGT 


DIG-CATGCCGCTCTTTTTACAACCGT 


DIG-CATGCCGCCTTTTTTACAACCGT 


O 

o 
u 

f: 

>" 
U 

o 

w 

< 
6 

Q 


SEQIDNO it 


SEQ ID NO 27 


SEQIDNO 28 


SEQ ID NO 29 


SEQ ID NO 30 


SEQ ID NO 31 


SEQ ID NO 32 


SEQ ID NO 33 


SEQ ID NO 34 


SEQ ID NO 35 


SEQ ID NO 36 


SEQ ID NO 37 


SEQ ID NO 38 


SEQ ID NO 39 




m 
«> 

J=> 
o 

w 

CQ 

o 


CO 
m 

0*> 


CO 

2 


PIMlnew 


i 

CM 


i 




m 


HpdiaSl 


<N 
CO 

•2 

£• 


HpdiaS3 


CO 
.55 


HpdiaSS 



o 
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